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RQD EHWWHU XQGHUVWDQGLQJRI WKH LFHDOEHGR IHHGEDFNPHFKDQLVP8VLQJ D FRPELQDWLRQ RI
PXOWL DQGK\SHUVSHFWUDO DLUERUQH LPDJHU\ ¿HOG VSHFWURVFRS\DQGELRRSWLFDOPRGHOOLQJZH
DLPWRTXDQWLI\PHOWSRQGIUDFWLRQPHOWSRQGGHSWKWKLFNQHVVRIXQGHUO\LQJLFHSRQGZDWHU
FRQVWLWXHQWV FKORURSK\OO VXVSHQGHG RUJDQLF DQG LQRUJDQLF PDWWHU DQG VXUIDFH DOEHGR in 
GLIIHUHQWLFHUHJLPHV7KHPDLQJRDOLVWRGHYHORSDVHPLDXWRPDWHGDSSOLFDWLRQIRUPHOWSRQG
DQDO\VLVIRUDLUERUQHK\SHUVSHFWUDOLQVWUXPHQWV$IXUWKHUJRDOLVWRHPSOR\WKHFROOHFWHGGDWD
WRYDOLGDWHDQGLPSURYHSDUDPHWHUL]DWLRQVRIPHOWSRQGSURSHUWLHVXVHGLQUHJLRQDODQGJOREDO
FOLPDWHPRGHOV7KHJURXQGEDVHGPHDVXUHPHQWVDUHHVVHQWLDO IRU WKHSDUDPHWHUL]DWLRQRI
ELRRSWLFDO PRGHOV DV ZHOO DV IRU WKH YDOLGDWLRQ
RI UHVXOWV GHULYHG IURP DLUERUQH PHDVXUHPHQWV
ZKLFKLVFUXFLDOIRUDFFXUDF\DVVHVVPHQW
Work at sea 
a) Airborne acquisition of sea ice and melt 
pond characteristics 
$LUERUQHPHDVXUHPHQWVZHUHFDUULHGRXWE\XVHRI
DKHOLFRSWHU7DEDQG7ZRLQVWUXPHQWVD
&DQRQ'6/5FDPHUDDQGDQ$,6$eagle hyperspectral FDPHUDZHUHPRXQWHGDWWKHKHOLFRSWHU$LUERUQH
PHDVXUHPHQWVZHUHFRQGXFWHGPRVWO\XQGHUIXOO\
RYHUFDVW FRQGLWLRQV EXW D IHZ WLPHV DOVR XQGHU
FOHDUVN\FRQGLWLRQV7RFRXSOHJURXQGEDVHGDQG
DLUERUQHPHDVXUHPHQWVWKHÀLJKWSDWWHUQLQFOXGHG
VHYHUDORYHUÀLJKWVRIWKHVDPSOLQJDUHDVDWGLIIHUHQW
DOWLWXGHVUDQJLQJIURPIWWRIW7RFRUUHFW
IRULFHGULIWVWDEOHWDUJHWVGDUNWDUJHWVZHUHXVHG
VHH )LJ  7R FROOHFW DVPXFK DLUERUQH GDWD
RYHU SRQGHG VHD LFH DV SRVVLEOH FDPHUD ÀLJKWV
had also been conducted during steaming.
b) Measurements of melt pond 
characteristics
Field measurements were carried out stand-alone 
DQG VLPXOWDQHRXVO\ WR KHOLFRSWHU RYHUÀLJKWV DQG
VDWHOOLWHRYHUSDVVHV6HQWLQHODQGWRSURYLGH
Fig. 7.1: Image taken by the airborne DSLR 
FDPHUDGXULQJDVDPSOLQJDUHDRYHUÀLJKWRQ
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radiation measurement point along these transects pond depth had been measured using a 
FHQWLPHWUHVWLFN7RGHWHUPLQHLFHWKLFNQHVVXQGHUWKHSRQGLFHGULOOLQJVDFFRPSDQLHGVSHFWUDO
DQGGHSWKPHDVXUHPHQWV0HDVXUHPHQWVRISRQGOHQJWKDQGZLGWKZHUHFRQGXFWHGXVLQJD
laser distance-meter.
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2SWLFV UHÀHFWDQFHPHDVXUHPHQWV RI YHU\ VKDOORZSRQGDUHDV DQGELGLUHFWLRQDO UHÀHFWDQFH
VSHFWUD RI EDUH LFH7R REWDLQ VSHFWUDO GDWD RI SRQG ERWWRP UHÀHFWDQFHZHPHDVXUHG WKH
LUUDGLDQFH UHÀHFWDQFH RI WKH DUHD GLUHFWO\ QHLJKERXULQJ WKH SRQGZLWK D ¿HOG VSHFWURPHWHU
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c) Determination of optically active water constituents 
7KH ZDWHU FRORXU LV GHWHUPLQHG E\ VSHFWUDO DEVRUSWLRQ DQG VFDWWHULQJ SURSHUWLHV RI ZDWHU
FRQVWLWXHQWVSXUHSRQGZDWHUSK\WRSODQNWRQFRORXUHGGLVVROYHGRUJDQLFPDWWHU&'20DQG
QRQDOJDHSDUWLFOHV'XULQJ LFHVWDWLRQVZDWHUVDPSOHVRIPHOWSRQGVKDYHEHHQFROOHFWHG
7KHVSHFWUDO899,61,5DEVRUSWLRQRISDUWLFOHVDQGGLVVROYHGRUJDQLFPDWWHU&'20ZDV
GLUHFWO\DQDO\VHG LQ WKHZHW ODERUDWRU\E\PHDQVRI WZRDEVRUSWLRQVSHFWURPHWHUV 3VLFDP
DQG/:&&*))¿OWHUVZLWKSRQGSDUWLFOHVKDYHEHHQVWRUHGIRU ODWHUDQDO\VLVRI WKH WRWDO
VXVSHQGHG PDWWHU DQG SLJPHQW ELRPDVV FKORURSK\OO FRQFHQWUDWLRQ +3/& &KORURSK\OO
concentrations have also been derived via in-situPHDVXUHPHQWVXVLQJDÀXRURPHWHUDOJDH
WRUFK
G'HWHUPLQDWLRQRIUHÀHFWDQFHSURSHUWLHVRIVXUURXQGLQJVHDLFHVXUIDFHV
7KH $UFWLF HQYLURQPHQW VKRZV KLJK FRQWUDVWV EHWZHHQ ZDWHU VXUIDFHV ZLWK UHODWLYHO\ ORZ
UHÀHFWDQFHDQGQHLJKERXULQJDUHDVRIKLJK UHÀHFWLQJ LFHDQGVQRZ7RFRQVLGHUDGMDFHQF\
HIIHFWV LQ UHPRWHVHQVLQJREVHUYDWLRQV LFHDQGVQRZFRYHUHGDUHDVQHLJKERXULQJ WKHPHOW
SRQGVZHUHPHDVXUHGXVLQJGLIIHUHQWW\SHVRI¿HOGVSHFWURPHWHUFRYHULQJGLIIHUHQWZDYHOHQJWK
UHJLRQVLH$6'DQG2FHDQ2SWLFV
7RGHWHUPLQHQHDUVXUIDFHEURDGEDQGXSDQGGRZQZHOOLQJ LUUDGLDQFHD UDGLDWLRQ UDFNZLWK
YHQWLODWHGVKRUWDQGORQJZDYHUDGLDWLRQVHQVRUVPRXQWHGRQD1DQVHQVOHGJHDQGDPRELOH
WULSRGZLWKDQHWUDGLRPHWHUZHUHRSHUDWHGGXULQJ36RYHUVHDLFHVXUIDFHV
7KHDQDO\VLV RI UHPRWH VHQVLQJGDWD IURPPHOW SRQGVKDV WR DFFRXQW IRU WKH VSHFWUDO DQG
DQJXODUSURSHUWLHVRIWKHDUHDVQHLJKERXULQJWKHSRQGVLQRUGHUWRFRUUHFWIRUDWPRVSKHULFVWUD\
OLJKWIURPWKHVHDUHDVDGMDFHQF\HIIHFW)RUWKLVSXUSRVHELGLUHFWLRQDOUHÀHFWDQFHSURSHUWLHV
RIIRXUVQRZDQGLFHVXUIDFHVZHUHPHDVXUHGGXULQJFOHDUVN\FRQGLWLRQVRQDQLFHÀRHXVLQJ
WKH)(/*2JRQLRPHWHU$YHUWLFDODUPDOORZVWRSRLQWWKHIRUHRSWLFVRIDVSHFWURPHWHULQ
VWHSVIURPQDGLUWRD]HQLWKDQJOHRIDQGXVLQJDFLUFXODUIUDPHDWWDFKHGWRWKHJURXQG
ZLWKLFHVFUHZVWKHDUPFDQEHURWDWHGLQDIXOOFLUFOHFRYHULQJDOOD]LPXWKDQJOHVLQVWHSV
7KHFROOHFWHGOLJKWLVWUDQVIHUUHGYLDJODVV¿EUHWRDVSHFWURPHWHU,EVHQ)5(('209,6)69
FRYHULQJWKHVSHFWUDOUDQJHIURPWRQPZLWKDUHVROXWLRQEHWWHUWKDQQP$VDQ
H[DPSOHRIWKHSUHOLPLQDU\UHVXOWV)LJVKRZVWKHDQLVRWURS\IDFWRURILFHLQWKHSULQFLSDO
SODQHLHWKHUHÀHFWDQFHVSHFWUDUHODWLYHWRQDGLUIRUDQD]LPXWKDQJOHRIUHODWLYHWRWKHVXQ
6QRZDQG LFH VDPSOLQJKDGEHHQSHUIRUPHG LQ FROODERUDWLRQZLWK WKH VHD LFHSK\VLFVDQG
6,(02JURXSV
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e) Model development
$ VSHFWUDO PRGHO RI D WKUHH OD\HU V\VWHP SRQG ± LFH ± RFHDQ KDV EHHQ GHYHORSHG DQG
SURJUDPPHGGXULQJWKHFUXLVH,WVKDOOEHXVHGIRUGDWDDQDO\VLVRIWKHDLUERUQHK\SHUVSHFWUDO
PHDVXUHPHQWVLQWURGXFHGLQVHFWLRQD7KHPHDVXUHPHQWVGHVFULEHGLQEDQGFZLOOEH
XVHGWRYDOLGDWHDQGIXUWKHULPSURYHWKHPRGHO
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Fig. 7.2: Anisotropy factor of ice in the principal plane for zenith angles from 0 to 60°
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